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Abstract : When a crystal is deformed slowly, the mechanoluminescence (ML) appears, 
concurrently during the steps occurring in the stress-strain curves of the crystals, that is, duiing 
fracture of crystals. The total ML intensity is directly proportional to the compressive strain of 
the crystals and it is also linearly related with the area of newly created surfaces of the crystals. It 
is shown that the ML measurement, provides a sensitive tool to determine the strain dependence 
of newly created surfaces of crystals.
Keywords : Mechanoluminescence, stress-strain curve 
PACS Nos. : 78.60-b, 81,40.Lm
A fte r  a p a rtic u la r le v e l, the app lied  load on to a solid  cannot be balanced by an increase in 
the p o ten tia l en erg y  o f  the in te ra to m ic  bonds. T h e re fo re , the system  becom es unstable  
w hereby the increase in po ten tia l energy takes p lace by the m o vem en t o f  a crack, that is, by  
the c re a tio n  o f  n ew  surfaces. T h u s , b eyo n d  a p a rt ic u la r  stra in  d u rin g  the course o f  
co m p ress ive  d e fo rm a tio n , a b r itt le  so lid  changes fre q u e n tly  fro m  m e c h a n ic a lly  unstable  
state to a stable  state by the c reation  o f  n ew  surfaces. A s  a m atter o f  the fac t, the area o f  
n e w ly  c re a te d  surfaces  in creases w ith  the  c o m p re s s iv e  s tra in  o f  the crys ta ls . T h e  
re la tio n s h ip  b e tw een  the area o f  n e w ly  c reated  surfaces and  stra in  o f  solids m ay  f in d  
a p p lica tio n s  in  severa l s c ie n tific  in ves tig a tio n s  w h ere  the n e w ly  created surfaces o f  the  
fractu red  o b jec t m ay  te ll about the stress and strain at the instant o f  fracture . T h e  present 
paper reports  that the m echano lum inescence  ( M L )  m easurem ent p rovides a sensitive tool 
fo r d e te rm in in g  the dependence o f  the area o f  n e w ly  created surfaces on the com pressive  
strain o f  crystals.
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F ig u r e  1 s h o w s  th e  M L  in te n s ity  versus  s tra in ; an d  stress versus  s tra in  c u rv e s  o f  
6 x 5 x 4  rn m 3 t r ip h e n y la m in e  and  6 x 5 x 3  m in 3 p h e n a n th re n e  s in g le  c ry s ta ls . I t  is seen
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Figure 1(a). ML intensity versus strain and stress versus stiam curves of 6 x 5 a 4 mm3 
triphenylamine single crystals (rate of compression = 1.69 x KT3 mm .^T1)
Figure 1(b). M L  intensity versus strain and stress versus strain curves of 6 x 4 x 3 mm3
phenanthrene single crystals (rate of compression = 1.69 x 10“3 mm s~J).
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th a t th e  M L  a p p ears  c o n c u rre n tly  w ith  th e  steps o c c u rr in g  in  th e  s tress-s tra in  c u rv e s  o f  the  
c ry s ta ls . I t  is e v id e n t  f ro m  F ig u re  1 th a t in  t r ip h e n y ia m in e  c ry s ta l, th e  su d d en  c h a n g e  in  
stress takes  p la c e  a t s o m e  p a r t ic u la r  v a lu e  o f  s tra in  w h ic h  is fo llo w e d  b y  the  e m is s io n  o f  a 
M L  p u ls e . W h e re a s  in  p h e n a n th re n e  c ry s ta l, a f te r  th e  fra c tu re  stress, th e  v a lu e  o f  stress  
f lu c tu a te s  c o n tin u o u s ly  an d  a  la rg e  n u m b e r  o f  M L  pu lses  a p p e a r d u r in g  the  d e fo rm a tio n . It  
is fo u n d  th a t a f te r  th e  fra c tu re  stress, s m a ll c ra c k s  arc  d e v e lo p e d  in  p h e n a n th re n e  c ry s ta ls  
m o r e  f r e q u e n t ly  a n d  th e re b y  th e  m o re  n u m b e r  o f  M L  p u ls e s  a p p e a rs  d u r in g  th e  
d e fo rm a tio n . T h e  M L - s t r a in  c u rv e s  o f  s a c ch arin  and c in c h o n in e  s u lp h a te  d ih y d ra tc  c ry s ta ls  
a re  fo u n d  to  b e  s im i la r  to  th a t o f  p h e n a n th re n e  c ry s ta ls . T h e  M L - s t r a in  c u rv e s  o f  su crose, 
ta r ta r ic  a c id , ro c h c lle  s a lt, u ra n y l n itra te  h e x a h y d ra te , s o d iu m  c h lo r id e , l i th iu m  f lu o r id e ,  
l i th iu m  s u lp h a te  m o n o h y d ra tc , c o p p e r  s u lp h a te  p e n ta h y d ra te  and s ilic o n  c a rb id e  c ry s ta ls  arc  
fo u n d  to  b e  s im ila r  to  th a t o f  tr ip h e n y ia m in e  c ry s ta ls .
F ig u re  2  s h o w s  th a t th e  p lo t o f  lo g  (X T ) versus  lo g  o f  s tra in  (£ )  is a s tra ig h t lin e  w ith  
a p o s it iv e  s lo p e  (w h e re  E l  =  IT, is th e  sum  o f  to ta l l ig h t  e m it te d ). T h e  v a lu es  o f  th e  s lo p e  are
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Figure 2. Plot of log (X/) versus strain log (e) (Symbols O, • ,  n and ■ 
correspond to tartaric acid, triphenyiamine, phenanthrene and uranyl nitrate 
hexahydrate crystals, respectively).
found to be 1.02, 1.03, 1.10 and 1.04, for tartaric acid, triphenyiamine, phenanthrene and 
uranylnitrate hexahydrate crystals, respectively. It is known that tartaric acid crystals show 
gaseous discharge ML, triphenyiamine and phenanthrene crystals exhibit the solid state
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ML and uranyl-nitrate hexahydrate crystals exhibit the superimposition of gaseous 
discharge and solid state ML 11-5]. The crystals of tartaric acid and uranylnitrate 
hexahydrate were grown from the slow evaporation of their aqueous solution. 
Triphcnylamine crystals were grown from the slow evaporation of their solution in 
acetone. The phenanthrenc crystals were grown using Bridgman technique. The 
simultaneous measurement of the ML intensity versus strain and stress versus strain curves 
were carried out by the method described previously where Instron testing machine was 
used [6],
Figure 3 shows that the total ML intensity IT is directly proportional to the area of 
newly created surfaces of crystals. In this case, a crystal was cleaved near a photomultiplier
Figure 3. Dependence of Hie total ML intensity on the area of newly created surfaces (Symbols 
O. •  and ■ correspond to tartaric acid, triphenylamine, phenanthrene and uranyl nitrate 
hexahydrate crystals, respectively)
tube and the ML intensity was determined using an RCA 931 A photomultiplier tube 
connected to a Tektronix 564 dual beam storage oscilloscope. The area of newly created 
surfaces was determined from the known dimension of the crystals.
Since the intensity of ML is directly proportional to the area of newly created 
surfaces (Figure 3), the linear relation between 27 (or lT) and e, shows that the area of newly 
created surfaces is directly proportional to the compressive strain of crystals. Thus, the ML 
measurement provides a sensitive tool for determining the dependence of the area of newly 
created surfaces on the compressive strain of crystals.
M e c h a n o lu m in e s c e n c e — a  s e n s i t iv e  to o l  e tc 257
References
[ 1) B P  C h a n d ra  Phys. Stat. Sol. (a ) 6 4  395  (1 9 8 1 )
[2] B P  C h a n d ra  Nuclear Tracks 12 225  (1 9 8 5 )
[3] G  E  H a rd y , J C  B a ld w in , J I Z in k , W  C  K a sk a , P  H L iu  an d  L  D u b o is  J. Amen Chem. Sac. 9 9  3553  
(1 9 7 7 )
[4] J  1 Z in k  Acc Chem. Res. 11 28 9  (1 9 7 8 )
[5] J 1 Z in k  Naiuremssenschajten 6 8  507  (1 9 8 1 )
[6] J I  Z in k  an d  B P  C h a n d ra  Phys. Rev B 21  8 1 6 (1 9 8 0 )
